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(54) Polymer electrolyte membrane fuel cell and seal assembly therefor 



(57) A polymer electrolyte fuel cell wfnich uses a 
gasket whidi comprises an elastomer layer tlmt is inex- 
pensive. hIgNy resistant to cliemicals, particularly to 
acids, and exhibits a high sealability and an adhesive 
layer provided to the elastomer layer and which gasket 
is easy to position and easy to assemble. The fuel ceil 
comprises unit cells each comprising a positive elec- 
trode (12). an electrolyte plate (11) and a negative elec- 
trode (12) and gaskets (21) each arranged at the 
circumferential part of the unit cell alternately stacked 
via a separator (2) placed ther^etween, v^ereln tiie 
gasket comprises an elastomer layer (23) and an adhe- 
sive layer (22). said elastomer layer being adhered to at 
least one side of tiie separator via saM adhesive layer. 
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Description 

BACKGROUND OF THE INVENTION 

1. ReM of the Invention 

[00011 The present invention relates to a luel cell which uses as a fuel such a reducing agent as pure hydrogen or 
reform hydrogen obtained from methanol or a fossil fuel and uses air, oxygen or the lil^ as an oxidizing agent. In more 
particular, it relates to a gasket used for a polymer electrolyte fuel cell. 

2. Description of Related Art 

[0002] it is known that in a polymer electrolyte fuel cell, in cases where for example the cell uses a cation exchange 
membrane, which is a proton conductor, as the polymer electrolyte and hydrogen and oxygen are introduced thereinto 
respectively as the fuel and the oxidizing agent, reactions represented by the following fonnulas (1) and (2) take place. 

H2->^2H+ + 2e- (1) 

I/2O2 + 2H* + 2e- ^ H2O (2) 

[0003] In the negative electrode, hydrogen dissociates into protons and electrons. The proton moves through the cat- 
ion exchange membrane toward the positive electrode. The electron moves through electroconductive separator plates, 
cells stacked therewith in series and further an external circuit and reaches the positive electrode, vi^ereby electricity 
is generated. In the positive electrode, on the other hand, proton which have moved and reached through the cation 
exchange membraner electrons which have moved and reached through the external circuit and oxygen Introduced 
from outside react with one another to form water. Since the reaction is acconpanied by heat generation, electricity, 
water and heat are generated from hydrogen and oxygen, as a whole. 

[0004] A polymer electrolyte fuel cell differs greatly from other fuel cells In tiiat its electrolyte is composed of an Ion 
exchange mentorane, which is a solid polymer. The ion 6)«;hange membrane used include, for example, perf luorocar- 
bonsulfonic add membrane (Naf ion, a trade name, mfd. by Du Pont de Nemours. E.I. Co., USA), In order to show a suf- 
ficient proton conductivity, the membrane needs to be in a sufficiently hydrated condition. The hydration of the ion 
exchange memt)rane may be effected, as described for example in J. Eieclrochem. Soc,. 1 35 (1988). p. 2209, by pass- 
ing the reaction gas through a humidifier to introduce water vapor into the cell and thereby to prevent the drying of the 
Ion exchange membrane. Sealing of the each cell may be effected, as described for example In J. Power Sources, 29 
(1990), p. 367, by a method wherein the area of tfie Ion exchange membrane Is made larger than the electrode area 
and the circumferential part of the ion exchange membrane which is not bonded to the electrode Is held by the upper 
and the lower gaskets between friem. 

[0005] The materials generally used for the gasket include glass fiber fabric coated with polytetrafluoroethylene 
(Teflon, a trade name, mfd. by Du Pont de Nemours, E.L Ca, USA) andfluororubber. USP No. 4,826,741 discfoses the 
use of silicone rubber and f luororubber. 

[0006] Rg. 2 shows an exterior view of a common stack-type polymer electrolyte fuel cell. Separator plates 2 formed 
of a conductive material, such as glassy cartoon, and internal cells (not shown in the Figure) whose circumferential parts 
are held between insulating gaskets 1 are stad<ed alternately. A copper-made cun-ent collecting plate 3 is dosely 
sticked to the outennost separator plate to form a stack as a whole. The stack is put between stainless steel end plates 
5 via insulating plates 4 and the two end plates are bound fasi with boHs and nuts. In the Figure, numeral 6 indicates a 
hydrogen inlet. 7 a hydrogen outlet, 8 an oxygen inlet. 9 an oxygen outlet and 10 a water discharge drain. 
[0007] Fig. 3 shows a sectional view of an internal cell of a common stack-type cell. Electrodes 12 are bonded to the 
both sides of an ion exchange membrane 1 1 of the center to form an assenrMy. Grooved separator plates 2 are posi- 
tioned at the upper and lower sides of the assembly. The ton exchange membrane 1 1 has a larger area than the elec- 
trode 12, and the circumferential part of the membrane is held by gaskets 1 between them to seal each cell and insulate 
the separator plates from each other. When, as shown in the Rgure. a gas path 13 is provided inside the stadc accord- 
ing to necessity (that is, In the case of internal manifold ^e), the gasket serves also to seal the gas path. The separator 
plate 2 provided with grooves may have varioi» structures: for exanple, a porous grooved plate is iixed into the groove, 
or a wire mesh is used in the groove. 

BRIEF SUMMARY OF THE IMVEIMTION 

[0008] However, the above-mentioned prior methods have various problems. When the respective cells are stacked. 
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In the operation of placing the gasket accurately on the separator plate and holding the assembly of the ion exchange 
membrane 1 1 and the electrode 12 by the gaskets between them, the gasket, which Is soft and in the form of sheet can 
be difficulty positioned and hence gives a poor operation efficiency, or It Is apt to give rise to defective seai due to mis- 
positioning. 

5 [0009] Further, when a high pressure gas Is used, the gasket tends to get away to the outside of ttie stadc 

[001 01 To solve the above-mentioned prdalems, the gasket used in the present invention is given a structure compris- 
ing an elastomer layer which is inexpensive and highly resistant to chemicals, particularly to adds, and exhibits a high 
sealability and an adhesive layer. By virtue of the structure, a polymer electrolyte fuel cell having a large economical 
advantage which uses the gasket that is easy to position and easy to assemble is provided. 

10 [001 1 1 Thus, the fuel cell of the present invention is a fuel cell which conprises unit cells each comprising a solid pol- 
ymer ion exchange membrane and a positive and a negative electrodes formed on the both sides of the membrane and 
gaskets each an-anged at the circumferential part of the unit cell alternately stacked with each other via a separator 
placed therebetween, wherein the gasket comprises an elastomer layer and an adhesive layer, said elastomer layer 
being adhered to at least one side of the separator via said adhesive layer. Accordingly, at the time of assembling a cell 

IS stack, since the gasket can be adhered to the separator, mispositioning of the gasket Is prevented from occurring. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 



Rg. 1 A is a sectional view of a cell in one emt)odlment of the present Invention. 
Fig. 1 B is a sectional view of a cell in one embodiment of the present invention. 
Fig. 1C is a sectional view of a cell In one embodiment of the present invention. 
Fig. 1 D is a sectional view of a cell in one embodiment of the present Invention. 
2S Fig. 2 is an exterior view of a polymer electrolyte fuel cell of the prior art 
Fig. 3 is a sectional view of a prior cell. 

DETAILED DESCRIPTION OF THE INVENTION 

so [001 31 According to the present invention, there is provided a fuel cell which comprises unit cells each comprising a 
solid polymer ion exchange membrane and a positive and a negative electrodes formed on the iDoth sides of themerh- 
brane and gaskets each arranged at the circumferential part of tiie unit cell alternately stacked witii each other via a 
separator placed tiierebetween, wherein the gasket comprises an elastomer layer and an adhesive layer, said elas- 
tomer layer being adhered to one side of at least one separator via said adhesive layer. 

35 [0014] The ion exchange membrane has a larger than the positive electrode and the riegative electrode. Conse- 
quently, the unit cell has an exposed ion exchange membrane part 

[O01 51 The gasket has a dimension sufficient to cover at least the exposed part off the ion exchange membrane. It may 

further has a dimension which allows provision of a gas patii. 

[001 6] The gasket comprises an elastomer layer and an adhesive layer. 

40 [001 7] According to the above-mentioned structure, the gasket can be adhered to the separator at \he time of assem- 
bling a ceil stack, so that mispositioning of the gasket does not ocfcur and the assenribling operation can be proceeded 
speedily. Furttiermore, since tiie elastomer layer is adhered to tiie separator plate via tiie adhesive layer, even when a 
high pressure gas is used, the elastomer layer does not get away to the outside by virtue of the adhesive force between 
the elastomer layer and tiie separator plate. 

45 [001 8] Since the working temperature of a polymer el ectrolyte fuel cell is not higher than 1 50*'C. tii e elastomer used 
therein may be various elastic materials, including f luororubber. However, since an ion exchange membrane has sul- 
fonic ackl groups as Its exchange group and hence is acidic and moreover water Is formed in tiie cell and tiie reaction 
gas is humidified, the elastomer needs to be resistant to acids, water vapor, hot water, or tiie like. Any desired materials 
may be adopted so long as the above-mentioned conditions of being resistant to heat, acid, water vapor, hot water or 

so the like are satisfied. 

[00191 However, fluororubbers are expensive and silicon rubbers, in some cases, gradually undergo scission of the 
siloxane linkage due to the acidity of tiie sulfonic acid group of tiie ion exchange membrane and resultant degradation. 
Therefore, elastomers preferred for use are olefinlc rut>bers and blend rubbers comprising olefinic rubbers. The Wend- 
ing ratio is not particulariy restricted and may be selected according to necessity Olefinic elastomers which contain no 
ss or substantially no unsaturation bond in the polymer main chain are excellent In chemical resistance, heat resistance 
and weather reastance as compared with diene oibbers, which have double bonds in tiie man chain, sudi as Isoprene 
rubber, butadiene rubber, nitrile rubber and chloroprene rubber. Olefinic elastomers, as compared witti fluoronAbers 
and silicone rubbers, are inexpensive and excellent in weatiier resistance. 



[0012] 
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[00201 Olefinic rubbers preferably used Include ethylene-propylene rubber, acryl rubber, butyl rubber and halogenated 
butyl rubber. 

[0021] The adhesive used is not particularly restricted but it is preferably acrylic solvent type adhesive, polyisobuty- 
lene rubber type adhesive and Isobutylene-isoprene rubber type adhesive. The thid<ness of the elastomer layer and of 
the adhesive layer need to be sufficient to achieve insulation and sealing between adjacent separators while absorbing 
the thickness of the ion exchange membrane. The thidviess Is preferably 10 - 300 urn for the adhesive layer and 100 - 
1000 nm for the elastomer layer. The thickness of the part of the gasket which comes In contact with the ion exchange 
membrane may be reduced as far as the thickness of the ion exchange membrane as the limit. Similarly, the thickness 
of the part (Z) of the separator which comes in contact with a laminate of the gasket and the unit cell may be changed 
as shown In Rg. 1 A. 

Examples 

[0022] The fuel cell of the present invention Is explained with reference to Drawings. 

[0023] Rg. 1(a) is a sectional view of a cell of Exanple 1 of the present invention. In the Rgure, the gasket 21 Is a 
product obtained by adhering an elastomer layer 23 of olefinic ethylene-propylene rubber (EPDM) of 0.7 mm thickness 
to one side of a separator plate via an adhesive layer 22. The gasket 21 of the present invention can achieve both the 
ssalLng between sepa'-ator plates and the sealing between an ion exchange membrane and a sepfli^^tor while, as 
shown In Rg. l(b}. absoiting the thickness of the Ion exchange membrane 1 1 by virtue of the part QQ^Wtiifcri cbtfj^s In 
contact with the ion exchange men^rane 11 being compressed to a more extent than the part CO which is held 
between two separator plates 2. In the case of a gasket comprising an elastomer layer alone, which is very soft, when 
the internal pressure of the cell and the gas path becomes high the gasket shifts to the outside and is blown through. 
In the case of the gasket of the present invention, on the other hand, the elastomer layer is prevented from shifting by 
the adhesive force of the adhesive layer and the gasket is not blown tiirough. At the time of assembling a cell stack, 
moreover, since the gasket can be adhered to the separator plate beforehand, misposltionihg of the gasket does not 
occur at tiie time of assembling and the operation can be proceeded speedily. The gasket is also excellent In heat resfet- 
ance and acid resistance and is not affected in the long term performance test of the fuel cell. 
[0024] Though a method of sealing the ion exchange membrane from one direction by using one piece of gasket 
which has one adhesive layer was shown in Rg. 1(a), similar effects can be obtained by using a gasket which has two 
adhesive layers as shown in Rg. 1(c) or by using two pieces of gaskets and holding the ion exchanging membrane 
between the gaskets as shown in Rg. 1 (d). 

Exanple 1 

[0025] A fuel celt was prepared according to the structure of Rg. 1 (a). The gasket 21 was one obtained by adhering 
an elastomer layer 23 of olefinic ethylenepropylene rubber (EPDM) of 0.7 mm thickness to one side of a separator plate 
via an adhesive layer 22. The gasket of tiie present Invention was prevented from shifting of the elastomer layer by the 
adhesive force of the adhesive layer and was not blown through. At the time of assembling a cell stack, moreover, since 
the gasket could be adhered to the separator plate beforehand, mispositioning of the gasket did not occur at the time 
of assembling and the operation could be proceeded speedily. 

[0026] The EPDM used was kept in contact witii tiie ion exchange membrane in a hot water of 80*'C for 3 months to 
examine the hot water resistance and acid resistance of the elastomer material. The EPDM showed no change and 
hence showed a high durability. It was also not affected in the 5000 hours long-term peribrmance test of the fuel cell. 

Exannple2 

[0027] A fuel cell was prepared according to the same structure as in Exanple 1 except for changing the elastomer 
to olefinic butyl rubber (IIR). Similarly to EPDM, tiie butyl rubber *owed no change In the above-mentioned heat resist- 
ance and acid resistance tests, and showed no degradation in ^e long term performance test of the fuel cell. 

Examples 

[0028] A fuel cell was prepared according to the same structure as In Exanple 1 except for changing the elastomer 
to olefinic acryl rubber (ACM). Similarty to EPDM. tiie acryl rubber showed no change in the above-mentioned heat 
resistance and acid resistance tests and showed no degradation in tiie long term performance test of the fuel cell. 



EP0933 826A1 

Example 4 

[0029] A fuel cell was prepared according to the same structure as in Example 1 except for changing the elastomer 
to olefinic halogenated butyl rubber (X-IIR). Similarly to EPDM, the halogenated buty! rubber showed no change in the 
5 above-mentioned heat resistance and acid resistance tests and showed no degradation In the long term performance 
test of the fuel cell. 

Referential Example 1 

10 [00301 A fuel cell was prepared according to the same stnjcture as in Exanrple 1 except for changing the elastomer 
to diene-type nitrile rubber (NBR). In frie above-mentioned heat resistance and acid resistance tests, the ion exchange 
membrane discolored and the n^ber was found to have lowered its el^icity. 

Referential Example 2 

IS 

[0031] A fud cell was prepared according to the same stnjcture as in Example 1 except for changing the elastomer 
to diene-type chloroprene rubber (CR). After 46 days In the above-mentioned heat resistance and acid resistance tests, 
swelling of 160% or more was observed and the rubber was found to have lowered its elasticity. 

20 Referential Example 3 

[0032] A fuel cell was prepared according to the same structure as in Example 1 except for changing the elastomer 
to silicone ritober. After 46 days in the above-mentioned heat resistance and add resistance tests, the part of the rubber 
which had been in contact witii the ion exchange membrane was observed to have degraded and changed into fine 
25 powder, in the long term performance test of the fuel cell, the contact part of the silicone gasket with tiie Ion exchange 
membrane was found to have changed into silica (Si03)-like fine powder. 

Ref^ential Example 4 

30 [0033] A fuel cell was prepared according to the same structure as in Exanrple 1 except for changing the elastomer 
to txitadiene-type styrene*utadiene rubber (SBR). After one month in tiie above-mentioned heat resistance and acid 
. resistance tests the rubber was found to have swollen and degraded. 

[0034] The structural fbrmulas of tiie elastomers of Examples and Referential Examples are summarized In Table 1 . 
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. [0035] Similar effects were obtained also when materials obtained by blending the above-mentioned elastomers with 
each other or blending the elastomer(s) with other elastcwners were used. 
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[0036] As set forth above, according to the present invention, a polymer electrolyte fuel cell having a large economical 
advantage can be provided which uses a gasket which comprises an elastomer layer that Is Inexpensive, highly resist- 
ant to diemicais. particularly to acids, and exhibits a high sealability and an adhesive layer provided to the elastomer 
layer and which gasket is easy to position and easy to assemble. 

5 

Claims 

1 . A fuel cell which comprises unit cells each comprising a solid polymer ion exchange membrane and a positive and 
a negative electrodes formed on the both sides of tiie membrane and gaskets each an-anged at ttie drcumfereniial 

10 part of the unit cell alternately stacked with each other via a separator placed therebetween, wherein the gasket 
comprises an elastomer layer and an adhesive layer. saM elastomer layer being adhered to at least one side of the 
separator via said adhesive layer. 

2. The fuel cell according to claim 1 wherein the elastomer consists essentially of olefinic rii}ber or blend rubber of 
IB olefinic rubbers. 

3. The fuel cell according to claim 2 wherein the olefinic rubber is at least one member selected from the group con- 
sisting of ethylene-propylene rubber, acryl rubber, butyl rubber and halogenated butyl rubber. 

so 
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FIG.1G 
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